INTRODUCTION
the same predetermined Ψ pd value was reached. During the second recovery period, plants were rewatered and treated as control plants (irrigated daily) for 6 days.
Plants were arranged in a randomized complete block design with 4 blocks. Two plants per treatment and block were used. Measurements were completed block by block so that the effect of time was confounded with location in the glasshouse.
The climatic conditions inside the glasshouse varied slightly day to day during the first stress/recovery period, with a maximum air temperature (t .
Measurements
Soil and plant water status and leaf gas exchange were measured every 2 days. Volumetric soil water content was determined pre-dawn using time domain reflectometry (TDR) equipment (model 1502B, Tektronix) . A pair of TDR probes was installed at a depth of 250 mm in one pot per block and treatment, midway between the tree trunk and pot border. Values were expressed as stock of water in the soil profile (SWS), multiplying the volumetric soil water content data by the length of the probes.
Leaf water potential was measured pre-dawn (Ψ pd ) and at midday (12.00 h solar time) (Ψ md ), for one mature leaf per plant and two plants per treatment and block, using a pressure chamber (Soil Moisture Equipment Co.
model 3000), following the recommendations of Turner (1988) . Leaves were fully expanded and were selected at random from the middle third of the shoots. After measuring Ψ pd , leaves were frozen in liquid nitrogen and osmotic potential was measured after thawing the samples and expressing sap, using a Wescor 5500 vapour pressure osmometer. Leaf turgor potential (Ψ p ) was derived as the difference between leaf osmotic and water potentials.
Leaf conductance (g l ) was measured at midday for a similar number and type of leaves as for leaf water potential, using a steady-state porometer (LI-1600, LI-COR Inc.). In the same leaf, net photosynthesis (Pn) and internal CO 2 concentration (Ci) were measured using a field-portable, closed gasexchange photosynthesis system (LI-6200, LI-COR Inc.) equipped with a ventilated one-litre chamber. The return flow rate of air circulating within the closed system was c. 280 µmol s -1
, and the leaf to air vapour deficit was c. 1.8-2.4 kPa. The CO 2 analyser was calibrated daily with a series of standard 
RESULTS
Water stress reduced shoot growth and affected total plant dry weight, as indicate the significant reduction (P < 0.05) on stem and leaf dry weights (Table 1) . Total leaf area and leaf succulence were significantly lower (P < 0.01) in stressed plants. No significant changes (P > 0.05) in average leaf area and root growth were observed in stressed plants (Table 1) .
Soil water stock (SWS) decreased significantly (P < 0.001) and progressively in the stressed plants during both water withholding periods, reaching similar values of c. 44 mm (a 65 % reduction from that of control plants) at the end of these two periods (data not shown).
Pre-dawn leaf water potential (Ψ pd ) values in control plants were high and fairly constant (c. -0.5 MPa) during the experimental period ( Fig. 1 ), whereas Ψ pd values for stressed plants were -2.3 and -2.5 MPa at the end of the first and the second stress periods, respectively. The significant decrease (P < 0.05) in Ψ pd in stressed plants occurred from day 4 of the first stress period and from day 6 (12th of the experimental period) of the second one, coinciding with SWS decrease below 70 mm (data not shown). The recovery of Ψ pd after rewatering occurred rapidly at the end of both stress periods.
Two distinct phases were found in the relationship between SWS and Ψ pd for stressed apricot plants (Fig. 2) . In the first phase, below a SWS of 70 mm, a steep decrease in Ψ pd occurred for a gradual decline in SWS. Above 70 mm, minimum Ψ pd changes were caused by SWS changes.
Midday leaf water potential (Ψ md ) showed qualitatively similar responses to Ψ pd (Fig. 1) . The minimum Ψ md values reached were -2.7 and -3.4 MPa at the end of first and the second water withholding periods, respectively.
In stressed plants, leaf turgor potential (Ψ p ) decreased significantly (P < 0.001) at the end of both water withholding periods (days 6 and 14 of the experimental period), reaching values near zero (0.06 and 0.26 MPa at the end of the first and second stress periods, respectively) ( Table 2 ). The recovery of Ψ p was rapid, reaching similar levels to control plants 2 days after rewatering. A decrease in leaf insertion angle (LIA), which was used to asses the extent of epinasty, was noted at the end of each stress period (Table 2) .
After rewatering, LIA recovered as quickly as Ψ p .
No significant differences (P > 0.05) in leaf osmotic potential at the turgor loss point (Ψ tlp ) were found between the control and stress treatments (Table 3) . Values of leaf osmotic potential at full turgor (Ψ os ) were significantly lower in stressed than in control plants at the end of each stress period, showing an osmotic adjustment of 0.27 and 0.60 MPa for the first and second stress periods, respectively (Table 3) . Two days after rewatering (days 8 and 16 of the experiment) Ψ os remained lower in stressed plants.
Relative apoplastic water content (RWC a ) was not affected by the water stress treatment, with values ranging from 27 to 42% (Table 3) .
Midday leaf conductance (g l ) decreased more rapidly during both stress periods than Ψ md (Figs 1 and 3) . The recovery of g l after each stress period was slower than that of Ψ md , only reaching values close to control plants 4 days after rewatering (Fig. 3) although Ψ md had fully recovered to control values 2 days after rewatering (Fig. 1 ).
Net photosynthesis (Pn) values did not decrease significantly due to water stress until the end of each stress period (Fig. 3 ). In the second stress period, the minimum Pn value (3.2 µmol CO 2 m -2 s ), but stabilizing at higher g l values (Fig. 4) .
DISCUSSION
The imposition of water stress on apricot plants induced a limitation of plant growth and a significant reduction in total leaf area (Table 1) , largely due to the abscission of mature (fully expanded) leaves. Leaf abscission under water stress is an avoidance mechanism, since it reduces the transpiration surface area (Nash & Graves 1993).
The high and constant Ψ pd values in control plants during the experimental period ( Fig. 1) indicates that adequate water supplies were present, as is confirmed by the values for soil water stock (c. 130 mm, which corresponds to field capacity) (data not shown). Torrecillas et al. (1988) indicated that pre-dawn leaf water potential depends mainly on soil moisture.
The existence of differences between Ψ pd and Ψ md values in stressed plants at the end of both water withholding periods suggested that some recovery in leaf water potential took place during the night (Fig. 1) . At that time, very low SWS values were registered (c. 44 mm), suggesting that the capacity of the conducting system to transport water was sufficient to allow some rehydration of leaves at night. The rapid recovery of leaf water potential after rewatering the plants (Fig. 1) has been also observed when tomato, almond and lemon plants were subjected to severe water stress (Torrecillas et al. 1995 (Torrecillas et al. , 1996 Ruiz-Sánchez et al. 1997 ).
Stressed apricot leaves showed epinasty (decrease in LIA values) ( In fruit trees, the capacity for osmotic adjustment in response to water stress varies as a function of species as well as the cultivar considered (Lakso 1990; Torrecillas et al. 1996) . The observed Ψ os reduction in stressed apricot plants (Table 3) Although it has been pointed out that Ψ os affects Ψ tlp in other crop species (Sánchez-Blanco et al. 1991; Torrecillas et al. 1996) , a different pattern in Ψ os and Ψ tlp was observed for apricot plants under our experimental conditions (Table 3) . This situation could indicate that the osmotic adjustment reached was not sufficient to modify the Ψ tlp values.
The relative apoplastic water content (RWC a ) in apricot plants, ranging from 27 to 42% (Table 3) , is relatively high compared with other tree species such as Eucalyptus globulus (14-27%) (Correia et al. 1989) et al. 1989; Torrecillas et al. 1996) . High RWC a values are common in xeromorphic plants (Cutler et al. 1977) . The existence of high RWC a values in different plant species could be attributable to thicker cell walls or differences in cell wall structure (Hellkvist et al. 1974; Torrecillas et al. 1996) .
The rapid decrease in leaf conductance from the beginning of the stress period, together with the delay in stomatal reopening after rewatering the plants (Fig. 3) , with respect to the recovery of Ψ md (Fig. 1) , indicated that stomatal closure was not a simple passive response to water deficit; therefore, the pattern of g l under water stress may be related to hormonal changes within the leaf, such as an increase in abscisic acid and/or a decrease in cytokinin content (Mansfield 1987; Davies & Zhang 1991) . On the other hand, plants that delay stomatal opening following rewatering after drought might compete better on drier sites, since this would allow them to regain full turgor more effectively (Mansfield & Davies 1981) .
Gradual closure of stomata over a wide range of leaf water potential may be of value in maintaining some photosynthesis during drought, as indicated by the relationship between g l and Pn in stressed plants (Fig. 4 ).
This curvilinear relationship suggests a stomatal limitation of leaf net photosynthesis below a g l value of c. 80 mmol m -2 s -1 (Bethenod et al. 1989) .
Above this value, Pn levelled off (Fig. 4) . The observed stomatal closure, together with leaf epinasty and partial defoliation, can be considered to be complementary mechanisms in regulating transpiration more effectively, and have been recognised as important adaptive mechanisms to drought in crops (Tudela & Primo-Millo 1992) .
The observation that significant decreases in leaf net photosynthesis occurred only at the end of the stress periods, together with the rapid recovery after rewatering the plants (Fig. 3) , could indicate that productivity of the remaining leaves may only be slightly affected by short-term water stress. The higher (non-significant) net photosynthesis in stressed plants after rewatering relative to control plants (Fig. 3 ) may have been due to increased root activity after rehydration (Ceulemans et al. 1983 ) and/or stress-induced enhancement of photosynthetic capacity (Gebre & Kuhns 1993 ). An alternative explanation was suggested out by Ludlow (1975) , who indicated that stressed leaves might be physiologically younger than leaves of the same chronological age, assuming that water stress suspends ageing.
The increase in internal CO 2 concentration observed in apricot plants at the end of both stress periods (Table 2) It has been observed that leaf conductance in stressed apricot plants declined prior to changes in net photosynthesis, and that the recovery of Pn was faster than that of g l (Fig. 3) . This observation implies that the main role of stomata under water stress is to optimize the balance between CO 2 uptake and water loss via transpiration (Farquhar & Sharkey 1982) . Similar behaviour has been observed in lupin (Rodrigues et al. 1989) , cottonwood (Gebre & Kuhns 1993) , and various sclerophyllous species (Schulze 1986).
The above results indicate that apricot plants exposed to short-term water stress depended primarily on avoidance mechanisms, together with osmotic adjustment. These avoidance mechanisms were complementary and took place progressively. Early in each stress period, leaf conductance decreased in order to control water loss via transpiration and avoid decreases in leaf water potential. When, at the end of each stress period, severe water stress developed, other avoidance mechanisms are triggered, such as epinasty (change in leaf insertion angle), low leaf conductance and reduced net photosynthesis, and a degree of leaf shedding. The rapid recovery of Pn, as well as the progressive recovery of g l after rewatering the plants, can also be considered as mechanisms for maintaining leaf productivity and promoting leaf rehydration.
Some drought tolerance characteristics were also observed in apricot.
These were mainly based on the existence of high relative apoplastic water content and low leaf osmotic potentials at the turgor loss point. In addition, the observed osmotic adjustment could contribute to the maintenance of leaf turgor during stress.
The observation that increased osmotic adjustment and smaller Pn reductions occurred at the end of the second stress period might suggest an acclimation capacity in apricot. However, in our opinion, this cannot be definitively concluded from the results obtained, and further research is necessary to compare different water stress hardening (preconditioning) treatments, as well as more than two water stress cycles. 
